Summary

Introduction: The Soloassist
® system is a joystick-guided robotic scope holder. We evaluated the efficacy of Soloassist in laparoscopic surgery. Methods: We investigated operative time, blood loss, set-up time, length of hospital stay, and the number of participating surgeons in laparoscopic cholecystectomy cases before and after the introduction of Soloassist. Furthermore, we evaluated these factors in each group of 20 elective and emergency cholecystectomy cases by single surgeon after matching their background. To evaluate the performance level of operating Soloassist, we divided the operative field into three areas. Then we counted the frequency of energy device activation in initially 10 cases by a single surgical resident and observed its change. Results: The number of participating surgeons was significantly less and postoperative hospital days were fewer in the Soloassist group. There was no significant difference between set-up time and blood loss both in elective and emergency cases. The total number of energy device activations and that in the dangerous area decreased in accordance with the experience. Conclusion: Considering our results and previous reports, the combination use of an ideal active scope holder and a commercially available 3D scope is currently considered the best approach in laparoscopic surgery. In the near future, development of active scope holders might play an important role in laparoscopic surgery.
computer-controlled, one can be adjusted manually, and two act as a gimbal joint following the movement of the main body. The only parts that require sterilization are the universal joint, camera clamp, and joystick, whereas the main body is covered by a dedicated singleuse drape. Soloassist can be easily installed on any part of the side rail of the operation table thanks to the quick-coupling device. After adjusting the 'trocar point' that defines the axis of motion, scope movement can be controlled by the surgeon in a straightforward and intuitive fashion via an ergonomic joystick positioned on the left-hand side of the instrument. While fine movements are adjusted by joystick, dynamic movement can be enabled manually with the unlock bottom. Basically, we attach Soloassist to the operation table rail on the opposite side of the standing position of the operator. In most cases, there is no need to change our customary way of working; however, in order to eliminate interference with the forceps, we have brought forward some ideas for use in cholecystectomy and five-port rectal resection. In cholecystectomy, the port position typically used with the operator's left forceps is shifted to the foot side by approximately 5 cm. Moreover, in five-port rectal resection in the lithotomy position, Soloassist is attached to the upper left position of the patient.
Our Experiences and Experimental Study
A total of 949 laparoscopic and thoracoscopic procedures with Soloassist were performed in our institution between December 2014 and March 2017. The respective operative procedures are shown in table 1. We regularly used Soloassist not only for elective surgery but also for emergency surgery during nighttime. In our experience, 36% of cholecystectomy, 95% of appendectomy and 100% of cases for upper gastrointestinal perforation were performed in emergency situations. Based on these cases, we retrospectively conducted two experimental studies regarding the cholecystectomy.
Firstly, we investigated operative duration, amount of bleeding, length of hospital stay after surgery, and the number of participating surgeons in laparoscopic cholecystectomy cases before and after the introduction of Soloassist (Study 1). For the purpose of evaluating whether the set-up time of Soloassist affected the result objectively, the time from room entry to initial skin incision was calculated as 'set-up time' which also included the time required for anesthetic administration. As this is a retrospective study and as it can be considered that the different backgrounds of these cases might affect the outcome, we conducted a similar study in 80 cases (elective surgery: 40 cases, emergency surgery: 40 cases) operated on by a single surgeon (Y.O.) after matching the background. We evaluated the patients' characteristics and perioperative results in each group of 20 elective cholecystectomy cases (Study 1A) as well as emergency cases (Study 1B). The group of cases in which a human assistant operated the laparoscope before introducing Soloassist was named the HA group, and the group using Soloassist was called the SA group.
Secondly, with the aim of evaluating the performance level of operating Soloassist, we created two ellipses which were 50 and 80% the length and width of the monitor to divide the operative field into three areas ( fig. 2) . Thereupon, we used areas to define the safe zone, boundary zone, and dangerous zone as the locations inside of 50%, between 50 and 80%, and outside of 80%, respectively. Then we counted the number of times the energy device was activated according to the defined fields in an initial study of 10 cases by a single surgical resident. We estimated whether there was a change depending on the amount of experience (Study 2).
Statistical Analyses
Comparisons between the groups were made with the Student's t test. The Fisher's exact test and Chi-square test were used for comparison of categorical values. A two-sided p-value < 0.05 was considered to be statistically significant. The operative field was divided into three areas by two ellipses of 50 and 80% in length and width of the monitor, and they were defined as the safe zone, boundary zone, and dangerous zone as the locations inside of 50%, between 50 and 80%, and outside of 80%, respectively.
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Results
In all 949 procedures with Soloassist, including emergency cases, there was no conversion to human assistant. Since its introduction, we have not experienced any mechanical troubles. There were only a few occasions where Soloassist did not respond to the joystick but could be normally used after replacing it with a new one. As the main body of Soloassist was wrapped with a drape and only a few of the parts required an autoclave, it was possible to use Soloassist in up to 5 cases of surgery per day, e.g. 4 cases of elective surgery and 1 case of emergency.
Study 1
A total of 490 cholecystectomies was performed between April 2011 and March 2017. Among them, we conducted a retrospective study in 382 cases of laparoscopic cholecystectomy, excluding the cases of choledocholithotomy and simultaneous multiple organ resection and open cholecystectomy. Single-port cholecystectomy was performed in 29 cases (HA group: 8 cases, SA group: 21 cases). The patients' characteristics and perioperative results are shown in table 2. The number of cases examined was 134 in the HA group and 248 in the SA group. Preoperative clinical information, including age, sex, body mass index (BMI), and ASA score, was comparable in both groups. The number of participating surgeons was significantly less in the SA group (2.8 ± 0.49 vs. 2.3 ± 0.50, p < 0.01) and the operation time and postoperative length of hospital stay were also shorter (131.4 ± 57.8 vs. 107.2 ± 47.5 min, p < 0.01; 9.4 ± 4.2 vs. 6.5 ± 4.9 days, p = 0.04, respectively). There was no significant difference between set-up time and amount of intraoperative blood loss.
The results of stratified analyses for elective and emergency cases are shown in table 3 and 4, respectively. Both studies demonstrate that the number of surgeons participating in surgery was significantly less in the SA group and the operation time was also shorter. Postoperative hospital stay of elective cases was shorter in the SA group. There was no significant difference between set-up time and amount of intraoperative blood loss.
Study 1A
The patients' characteristics and perioperative results in 20 elective laparoscopic cholecystectomy cases before and after introducing Soloassist are shown in Tumor location is classified according to the Japanese Classification of Colorectal Carcinoma. GERD = Gastroesophageal reflux disease; UGI perforation = upper gastrointestinal perforation; L = local resection; DG = distal gastrectomy; TG = total gastrectomy; Seg. = segmental resection; Par. = partial resection; Lob. = lobectomy; C = cecum; A = ascending colon; T = transverse colon; D = descending colon; S = sigmoid colon; Rs = rectosigmoid colon; Ra = upper rectum; Rb = lower rectum. significantly less in the SA group (2.7 ± 0.47 vs. 2.0 ± 0.22, p < 0.001) and the operation time and postoperative length of hospital stay were also shorter (90.2 ± 22.2 vs. 67.5 ± 21.6, p < 0.01; 5.6 ± 1.5 vs. 3.9 ± 1.2, p < 0.001, respectively). There was no significant difference between set-up time and amount of intraoperative blood loss.
Study 1B
The patients' characteristics and perioperative results of emergency laparoscopic cholecystectomy cases are shown in table 6. Preoperative clinical information was comparable in both groups. The number of surgeons participating in surgery was significantly less in the SA group (2.7 ± 0.47 vs. 2.3 ± 0.47, p = 0.01) and the postoperative length of hospital stay was shorter (7.1 ± 3.1 vs. 4.0 ± 2.0, p = 0.04). There was no significant difference in operative time and blood loss or in set-up time.
Study 2
The number of times the energy device was activated in each area and its ratio are shown in fig. 3 . The total number of energy device activations decreased as the surgical resident grew accustomed to the device. Although the sample size is small and we have not accumulated a significant amount of data, procedures in the dangerous zone gradually decreased with increasing experience. In the early stages, there were quite a few energy device activations in the dangerous zone (around 20 times); however, in 4 out of the latter 5 cases, it was less than 10 times. Set-up time = Duration between room entry and skin incision; LOHS = postoperative length of hospital stay; SD = standard deviation. Set-up time = Duration between room entry and skin incision; LOHS = postoperative length of hospital stay; SD = standard deviation. with conventional open surgery, laparoscopic surgery has proved its superiority in various prospective randomized comparison studies [18] [19] [20] . With advances in the equipment used for laparoscopic surgery, the progress of imaging typified by full high-vision images, 3D, and 4K has contributed to a very safe and precise procedure [21] . In order to maximize the advanced image quality, stable camera operation without trembling is desirable. Although passive scope holders initially provided a stable operative field by fixing the laparoscope [22, 23] , the operator had to interrupt the procedure to move it. Therefore, new products that facilitate single-handed repositioning were developed [12, 13] . Recently, robotic scope holders have been developed that allow the operator to control the scope without removing their hands from the forceps, e.g. the AESOP ® robot (Automated Endoscopic System for Optimal Positioning robot; Computer Motion, Sunnyvale, CA, USA) [14] , EndoAssist ® (Armstrong Healthcare Ltd, High Wycombe, UK) [15] , ViKY ® (EndoControl, Grenoble, France) [16] , and Soloassist [17] . They react to the voice, to head motion signals, or to a joystick positioned on the left-hand side of the instrument. Merola et al. [24] reported that there was less smudging, fogging, and inadvertent movements of the laparoscope when it was controlled by a robotic system. Also, Takahashi et al. [16] examined 25 cases of laparoscopic inguinal hernia repair with ViKY and reported its benefits. The scope holder system provides a stable operative field without tiring the assistant's arm, even in extreme endoscope positions for as long as required, which is a considerable advantage over manual camera control by a human assistant. However, prior active camera holders require large parts for scope holding or a large thick circular frame in the surgical field, which are structurally necessary to control the scope movement [16] . As a result, they cause some interference with the forceps and restrict the motion of the Set-up time = Duration between room entry and skin incision; LOHS = postoperative length of hospital stay; SD = standard deviation. Set-up time = Duration between room entry and skin incision; LOHS = postoperative length of hospital stay; SD = standard deviation. camera itself. Other types of active scope holders which must be installed on the floor occupy precious space near the operating table [15] . The simply designed holder arm and universal joint of Soloassist decrease interference with the forceps and enables unhindered access to the patient site, no bothersome components impeding the trocar area. Moreover, because it is attached to the operating table, it does not affect the location of the energy supplier, the trolley of laparoscopic equipment, and the anesthetic device. What is more, readjustment is not necessary in accordance with tilting of the operating table which is indispensable for laparoscopic colorectal surgery. Due to the limitations of its performance, surgery employing such a new device sometimes cannot be completed in all cases, and thus it becomes necessary to change it over to the human assistant. In our experience of 949 procedures with Soloassist, however, it could be applied to various surgical procedures, and there was no conversion case to human assistant or device-related complication.
Discussion
As an experimental study, we compared the results of the perioperative period in the cholecystectomy cases before and after introducing Soloassist. In elective cases, operation time and length of hospital stay were significantly shorter in the SA group. In addition, in emergency cases, the SA group had a shorter hospital stay and no adverse results were observed. In our institution, trainees with little experience are often in charge of the camera assistants in elective operation; therefore, the use of Soloassist, which can be controlled by the operator, contributed to a shortening of the operation time. Although not examined for all cases, we counted the amount of scope cleaning due to intraoperative contamination in 10 cases each in both the HA group and the SA group, and the average numbers were 3.2 in the HA group and 0.9 in the SA group. Therefore, the time required for scope cleaning and unnecessary scope movement causing contamination could also affect the difference in operation time. In recently reported robotic surgery, it takes a longer time to set up due to the size of the device, and the room occupying time is lengthened for each individual operation [25] . According to the results of our study, the set-up time of the SA group was almost similar to that of the HA group. The Soloassist can be easily attached to the operation table; thus, the set-up time was completely included in the preoperative preparation time in both elective and emergency cases.
The number of surgeons was statistically smaller in the SA group compared to the HA group both in elective and emergency cases. The most serious shortcoming of emergency surgery is the potential for time lags between an arising emergency and its surgical control, which can be delayed due to the late arrival of surgical personnel. Scope holders can solve this problem and help in economizing staff, thus contributing to a reduction of personnel costs. In Japan, and also in other countries, some concerns have been raised regarding an apparent shortage of general surgeons, and a decline in residency applications to surgical departments has caused manpower shortages [26] [27] [28] [29] . Under these circumstances, scope holders pave the way for accommodating a higher amount of operations with limited manpower.
We devised a unique model as a method to evaluate the degree of achievement of Soloassist usage. Interestingly, as the number of experienced cases increased, procedures in the dangerous zone gradually decreased; 70% of the energy device activation was performed in the safe zone, while that in the dangerous zone was less Set-up time = Duration between room entry to skin incision; LOHS = postoperative length of hospital stay. Some are of the opinion that experience as a scope assistant is also necessary for laparoscopic surgical training. However, unlike other active scope holders, Soloassist can solve this matter because it is possible for trainees to secure an appropriate field of view by operating the joystick as a scope assistant at a remote location. Also, it is a great advantage that the assistant's shoulders and arms are not in the vicinity of the surgeon during the operation, providing a highly flexible and relaxed working environment.
Although robotic surgery has attracted attention owing to its restoration of the eye-hand-target axis, three-dimensional (3D) imaging, and extra degrees of freedom for the instruments, there are various problems that are widely accepted based on scientific evidence. In previous studies analyzing a large-scale clinical database, a clinical benefit cannot be confirmed with robot-assisted colorectal resection, and it is reported that robotic surgery comes along with significantly higher costs compared to laparoscopic surgery [9] [10] [11] . Moreover, in the ROLARR (RObotic Versus LAparoscopic Resection for Rectal Cancer) trial, which attracted attention as a high-quality multicenter prospective randomized controlled trial comparing robotic rectal resection for rectal cancer with laparoscopic resection, there was no statistically significant difference regarding conversion rate to open surgery, configured as a primary endpoint, as well as in bladder dysfunction, sexual function, and pathological resection margin positivity [30] .
According to the report that evaluated to which extent two-dimensional (2D), 3D and robotic surgery can result in advantages for the surgical technique depending on the skill level of the surgeon, the obvious benefits of robotic surgery were demonstrated only in novices. The intermediate group completed the task equally well and quickly with 3D laparoscopy and by robotic surgery. The experts completed the task equally well regardless of the instrument; however, they were much faster with 3D laparoscopy than with 2D and robotic surgery. Thus, well-trained laparoscopic surgeons may not really benefit from 3D robot systems if 3D laparoscopy is available [31] .
Considering all the results, robotic surgery should only be performed for limited surgery, such as prostatectomy, with complex procedures in limited workspaces. Even though robotic surgery is slightly superior to conventional laparoscopic surgery, this does not seem to be enough to obtain better clinical benefits compared to recently released high-priced drugs including immunotherapy [32] , because they require exactly the same surgical wound. Surgical oncologists of the present era, including us, should perform robotic surgery in limited procedures not as a surgeon but as a clinical oncologist. A robotic scope holder can reduce manpower and can be universally used both in elective surgery and emergency surgery. Development of robotic technology is also necessary for the future development of surgery; however, it is necessary to take the most desirable cost benefit into consideration for patients who are struggling with diseases under limited medical expenses. Naturally, as a surgeon, robotic surgery is very interesting and there is a desire to perform it as a surgeon, but to make it universally applicable to various diseases would require immense financial resources, manpower, and a new educational system.
In conclusion, Soloassist was useful in both elective and emergency cholecystectomy cases, contributing to a shortened operation time and a decrease in participating surgeons, while there was no additional time required for its setup. Approximately 5 cases of experience were considered necessary to get used to Soloassist. Considering our results and previous reports, the combination use of an ideal active scope holder and a commercially available 3D scope is currently considered the best approach in laparoscopic surgery. From such a perspective, the development of active scope holders might play an important role in laparoscopic surgery in the near future.
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